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,W LVJHQHUDOO\EHOLHYHG WKDWHXNDU\RWLFFHOOVDUH ODUJH
HQRXJK WR GHWHFW DQG WKHQ PRYH WRZDUG D VLJQDO E\
FRXQWLQJUHFHSWRURFFXSDQF\7KLVFDQZRUNEHFDXVHWKH
UHODWLYHO\ODUJHHXNDU\RWLFFHOOLVQRWVXEMHFWWR%URZQLDQ
PRWLRQDQGFDQWKHUHIRUHXVHVSDWLDOGLIIHUHQWLDWLRQWR
GHWHFWWKHGLUHFWLRQRIWKHVLJQDORYHUWKHUHOHYDQWWLPH
VFDOH+RZWKLVVSDWLDOGLIIHUHQWLDWLQJLVDFFRPSOLVKHG
LVDQDFWLYHDUHDRIUHVHDUFKLQ¿EUREODVWVQHXWURSKLOV
DQG'LFW\RVWHOLXPZKHUHWKHPDMRUFRPSRQHQWVRIWKH
FKHPRWDFWLFUHVSRQVHV\VWHPDUHZHOONQRZQ
2I FRPSDUDEOH LQWHUHVW LV WKH EHKDYLRU RI WKHVH
FHOOVLQWKHDEVHQFHRIDFKHPRWDFWLFRURWKHUVLJQDO
:HPLJKWLPDJLQHIRUH[DPSOHWKDWFHOOVPRYHDERXW
UDQGRPO\ LQ VXFK D VLWXDWLRQ )LJ $ RU WKDW WKH\
KDYHHYROYHGDVWUDWHJ\WKDWVRPHKRZRSWLPL]HVWKHLU
FKDQFHVRI¿QGLQJWKHVRXUFHRIWKHVLJQDOHYHQZKHQ
WKH\FDQQRWVHQVHLW)LJ%'
,VWKHUHLQGHHGVXFKDWKLQJDVDQRSWLPXPVHDUFK
VWUDWHJ\"5HFHQWWKHRUHWLFDOZRUNKDVVXJJHVWHGWKDWD
/pY\ZDON LV WKHRSWLPXPIRUUHYLVLWDEOH WDUJHWV WKDW
LV WDUJHWV WKDW UHSRSXODWHDW WKHVDPH ORFDWLRQDIWHUD
SHULRGRIWLPH>@$/pY\ZDONLVDVSHFLDOFODVVRI
UDQGRPZDONVZKRVHVWHSOHQJWKVODUHEHVWGHVFULEHG
E\ D SRZHUODZ 1 O O D  a   ZKHUH   D  7KXV
(PDLOHFR[#SULQFHWRQHGX
WKHUHLVQRLQWULQVLFVFDOHWRWKHVWHSOHQJWKVDQGYHU\
ORQJ VWHSV FDQ RFFXU )LJ % $OWKRXJK WKHUH ZDV
WKRXJKW WR EH H[SHULPHQWDO HYLGHQFH IRU /pY\ ZDON
EHKDYLRULQDQLPDOSRSXODWLRQVDUHFHQWUHDQDO\VLVRI
WKHGDWDPDNHVWKLVXQOLNHO\>@EXWVHHDOVR>@,QD
VHDUFK IRU QRQUHSOHQLVKDEOH WDUJHWVZKHUH OLNH KLGH
DQG VHHN HDFK WDUJHW FDQ EH IRXQG RQO\ RQFH LW KDV
EHHQ VXJJHVWHG WKDW D WZRVWDWH PRGHO RSWLPL]HV WKH
VHDUFK>@)LJ&$VHDUFKHUDOWHUQDWHVEHWZHHQD
ORFDOUDQGRPVHDUFKDQGDIDVWOLQHDUUHORFDWLRQ7DUJHW
GHWHFWLRQGRHVQRWRFFXUGXULQJWKHOLQHDUSKDVHERWK
SKDVHV VWRS DW UDQGRP WLPHV DQG HDFK QHZ SKDVH LV
LQLWLDWHG LQD UDQGRPGLUHFWLRQ ,WKDVEHHQVXJJHVWHG
WKDWVXFKLQWHUPLWWHQWEHKDYLRUPD\EHXVHGE\IRUDJLQJ
DQLPDOV>@
'R DQ\ RI WKHVH SURFHVVHV GHVFULEH WKH EHKDYLRU
RI VLQJOH FHOOV VHDUFKLQJ IRU D KLGGHQ WDUJHW"$ JUHDW
GHDOLVNQRZQDERXWKRZQHXURQV>@DPRHEDH>@
DQG ¿EUREODVWV >@ ¿QG WKHLU WDUJHWV RQFH WKH VLJQDO
KDVEHHQVHQVHG,QDOOWKUHHFDVHVPRUHRUOHVVOLQHDU
WUDMHFWRULHV ZLWK YDULDEOH ORZ DPSOLWXGH UDQGRP
EHKDYLRU LV WKH OLNHO\UXOHRQFH WKH WDUJHW LV LQ UDQJH
%XW EHIRUH SLRQHHU QHXURQV VHQVH DQGEHJLQ WRPRYH
XS RU DZD\ IURP D JUDGHG VLJQDO GR WKH\ VHQG RXW
¿ORSRGLD DW UDQGRP RU GR WKH\ ELDV WKHLU VHDUFK WR
HQKDQFH WKH FKDQFHV RI ¿QGLQJ WKH DV \HW XQGHWHFWHG
WDUJHW"'RQHXWURSKLOVZDQGHU DW UDQGRPEHIRUH WKH\
GHWHFWEDFWHULDOSHSWLGHVRUGR WKH\ELDV WKHLUPRWLRQ

LQ VRPH IDVKLRQ WKDWSURYLGHVDPRUHHI¿FLHQW VHDUFK
DOJRULWKP"
:H VWXGLHG WKHVH TXHVWLRQV E\ SODFLQJ ZHOO
VHSDUDWHG'LFW\RVWHOLXP DPRHEDH RQ DQ DJDU VXUIDFH
IUHH RI IRRG DW D GHQVLW\ RI a FHOOFP a FHOO
GLDPHWHUV EHWZHHQ FHOOV D GLVWDQFH FKRVHQ VR WKDW
WKHDPRHEDHFRXOGQRWVHQVHDQGVLJQDOWRHDFKRWKHU
2XU UHVXOWV DUH RI WZRNLQGV  )LUVW WKHVH FHOOV VKRZ
ORQJ GLUHFWLRQDO SHUVLVWHQFH 7KH\ ELDV WKHLU PRWLRQ
E\ PDNLQJ WXUQV HYHU\  PLQ UHPHPEHULQJ WKHLU
ODVWWXUQDQGWXUQLQJDZD\IURPLWLQD]LJ]DJIDVKLRQ
6LPLODUUHVXOWVZHUHREWDLQHGZLWKWKHGLVWDQWO\UHODWHG
VOLPH PROG 3RO\VSKRQG\OLXP  :H SURYLGH D PRGHO
WKDW VDWLVIDFWRULO\ FDSWXUHV WKH WXUQLQJ ELDV RI IUHHO\
PRYLQJFHOOVDQGOLQNVVKRUWDQGORQJWHUPFHOOPRWLRQ
SHUVLVWHQFHWLPHV6HFRQGDOWKRXJKZHFDQQRWVD\WKDW
WKLVEHKDYLRUKDVEHHQRSWLPL]HGE\VHOHFWLRQZHGR
GHPRQVWUDWHWKDWLWLVRQO\VRPHZKDWOHVVHI¿FLHQWWKDQ
VWUDLJKWOLQHEHKDYLRU
:HEHOLHYHWKLV LV WKH¿UVWH[SHULPHQWDOHYLGHQFH
IRUDELDVHGZDON LQD IRUDJLQJHXNDU\RWLFFHOO LQ WKH
DEVHQFH RI VSDWLDO DQG WHPSRUDO FXHV %HFDXVH WKH
PDFKLQHU\XQGHUO\LQJHXNDU\RWLFFHOOPRWLRQKDVEHHQ
VR KLJKO\ FRQVHUYHG GXULQJ HYROXWLRQ ZH WKLQN LW LV
)LJXUH 7KH VHDUFKSUREOHPDQGVHDUFKPRGHOV )RXU
FKDUDFWHULVWLF W\SHV RI UDQGRPPRWLRQ  $ 5DQGRPZDON
%/HY\ZDON6WHSOHQJWKVZHUHSLFNHGIURPDSRZHUODZ
GLVWULEXWLRQDQGWKXVYHU\ORQJVWHSVDUHSRVVLEOH$/HY\ZDON
LVFRQVLGHUHGWREHWKHEHVWVWUDWHJ\IRUVHDUFKLQJUHYLVLWDEOH
VFDUFHWDUJHWV&7ZRVWDWHPRWLRQ+HUHDEDOOLVWLFUHORFDWH
SKDVH LV IROORZHG E\ D GLIIXVLYH VHDUFK SKDVH 6ZLWFKLQJ
EHWZHHQ VWDWHV RFFXUV DW UDQGRP WLPHV DQG LQ UDQGRP
GLUHFWLRQV7KLVPRGHOLVEHOLHYHGWRRSWLPL]HWKHVHDUFKIRU
ORZ GHQVLW\ QRQUHYLVLWDEOH WDUJHWV IRU H[DPSOH KLGH DQG
VHHNLQWKHSDWFK\HQYLURQPHQWVKRZQKHUH'6LPXODWLRQ
RI'LFW\RVWHOLXPVHDUFKLQJEDVHGRQIHDWXUHVUHSRUWHGLQWKLV
VWXG\7KHVSHHGDQGQXPEHURIVWHSVLVWKHVDPHLQ$DQG%
OLNHO\ WKDW VLPLODU EHKDYLRU LV FKDUDFWHULVWLF RI RWKHU
WDUJHWVHHNLQJHXNDU\RWLFFHOOV
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1RPHQFODWXUH
'HSHQGLQJRQZKLFKEUDQFKRIVFLHQFHWKHUHDGHUKDLOV
IURPWKHPHDQLQJRIWHUPVVXFKDV³UDQGRPZDON´DQG
³%URZQLDQPRWLRQ´PD\GLIIHU 7RHOLPLQDWHDW OHDVW
WKLV VRXUFH RI SRVVLEOH FRQIXVLRQ ZH RIIHU RXU RZQ
GH¿QLWLRQVKHUH
%URZQLDQ PRWLRQ UHIHUV RQO\ WR WKH SDVVLYH UDQGRP
PRWLRQ UHSRUWHG E\ 5REHUW %URZQ RI SDUWLFOHV
VXVSHQGHGLQDÀXLG
5DQGRP ZDON LV WDNHQ WR PHDQ D VWRFKDVWLF SDWK
FRQVLVWLQJRIDVHULHVRIVWHSVZKRVHGLUHFWLRQLVFKRVHQ
DWUDQGRPDQGZKHUHDOOGLUHFWLRQVDUHHTXDOO\SUREDEOH
7KHVWHSVL]HFDQEHHLWKHUUDQGRPRU¿[HG
5DQGRPPRWLRQLVWKHPRVWJHQHUDOWHUPDQGUHIHUVWR
DQ\VWRFKDVWLFSDWKGHVFULELQJWKHPRWLRQRIDSDUWLFOH
7KHUHPD\RUPD\QRWEHDSUHIHUUHGVSDWLDOGLUHFWLRQ
FRUUHODWLRQV LQ VWHS VL]H SHUVLVWHQFH LQ GLUHFWLRQ RI
PRWLRQ RVFLOODWLRQV LQ WKH YHORFLW\ HWF 7KH RQO\
GHPDQGLVWKDWWKHUHEHVRPHHOHPHQWRIVWRFKDVWLFLW\
LQWKHPRWLRQ
$ORQJGLUHFWLRQDOSHUVLVWHQFH
,Q )LJ $ZH VKRZ WKH EHKDYLRU RI  UHSUHVHQWDWLYH
'LFW\RVWHOLXP FHOOV HDFK RQH IROORZHG IRU  KUV
FRUUHVSRQGLQJ WR a FHOO OHQJWKV ZLWK D VDPSOLQJ
LQWHUYDORIVHF:HIRXQGWKDWDPRHEDHWUDYHOHGDW
DQDYHUDJHVSHHGRIPPPLQIRUXSWRKU)LJ%
GHPRQVWUDWLQJWKDWWKH\PDLQWDLQHGDQDGHTXDWHHQHUJ\
VRXUFHRYHUWKHFRXUVHRIWKHVHH[SHULPHQWV7KXVRXU
PRGHOLQJLVQRWFRQIRXQGHGE\FKDQJHVLQDYHUDJHFHOO
VSHHGRYHUWLPH2QWKHWLPHVFDOHRIPLQXWHVWKHVSHHG
ZDVIRXQGWRÀXFWXDWHDURXQGWKLVDYHUDJHVSHHG)LJ
%LQVHUW
   7KH PHDQVTXDUHG GLVSODFHPHQWV 06' RI WKH
LQGLYLGXDO FHOOV DUH VXPPDUL]HG LQ )LJ $ DQG %
DV   ¯G W   YV Ĳ DQG   ¯G W W    YV Ĳ UHVSHFWLYHO\
Ĳ LV WKH WLPH LQWHUYDO EHWZHHQ DQ\ WZR SRVLWLRQV
G W W       G GU W U W  DQG G W   ZDV DYHUDJHG
RYHU DOO SDLUV RI WLPH SRLQWV IRU HDFK WUDMHFWRU\  )RU
D UDQGRPZDON HJ %URZQLDQPRWLRQ   ¯G W W    LV
FRQVWDQW 7KH F\DQ FXUYHV DUHPHDVXUHPHQWV IURP
WKH WUDMHFWRULHV VKRZQ LQ)LJ $ DQG WKH UHG FXUYHV
DUHIURPDQDGGLWLRQDOWUDMHFWRULHV)RUĲPLQ
FHOOPRYHPHQWGHYLDWHVVLJQL¿FDQWO\IURPWKHUDQGRP
ZDON H[SHFWDWLRQ DQG LV HVVHQWLDOO\ EDOOLVWLF LH WKH

FHOOV DUH RQ DYHUDJH PRYLQJ LQ D VWUDLJKW OLQH ZLWK
FRQVWDQWYHORFLW\)RUWLPHLQWHUYDOVĲEHWZHHQDQG
PLQWKHSRSXODWLRQDYHUDJHGGDWDZHUHZHOO¿WWHG
E\DQH[SRQHQWLDOFURVVRYHU IURPGLUHFWHGPRWLRQ WR
DUDQGRPZDON   ¯    G W W W    H[S    W Y W WS S S 
>@ZKHUH Y    PPPLQ LV D FKDUDFWHULVWLF
VSHHGDQGWS PLQLVDSHUVLVWHQFHWLPH)LJ
% \HOORZ FXUYH  1RWH WKDW D FHOO GLVSODFHV LWVHOI
DSSUR[LPDWHO\  IXOO FHOO GLDPHWHUV a ȝP LQ 
PLQ7KLV WUDQVLWLRQ IURPGLUHFWHG WR UDQGRPZDON LV
FKDUDFWHULVWLFRIWKHHQWLUHWLPHUHFRUGRIPRUHWKDQ
KUDQGWKHSHUVLVWHQWWLPHLVLQGHSHQGHQWRIZKHUHRQ
WKHWUDMHFWRU\ZHEHJLQRXUDQDO\VLV
:H FDOFXODWHG FHOO YHORFLWLHV DVG G GY W U W U W         W W  IRU GLIIHUHQW YDOXHV RI Ĳ
DQGSORWWHGY[YVY\)LJ:LWKLQFUHDVLQJĲELJJHU
DQG ELJJHU JDSV DSSHDU LQ WKH FHQWHUV RI WKHVH SORWV
$WYHU\PXFKODUJHUYDOXHVRIĲJUHDWHU WKDQPLQ
WKH GLVWULEXWLRQ RI Y[ YV Y\ YDOXHV DJDLQ DSSURDFKHV
*DXVVLDQEHKDYLRU DVH[SHFWHG )LJ$VZHVKRZ
LQWKHGLVFXVVLRQWKHVHUHVXOWVHVVHQWLDOO\UXOHRXWWZR
ZHOOXQGHUVWRRGPRGHOVRIUDQGRPPRWLRQZRUPOLNH
FKDLQ:/&>@DQG2UQVWHLQ8KOHQEHFN28>@
PRGHOVIRU'LFW\RVWHOLXPFHOOWUDMHFWRULHV
$QJXODUFKDQJHVDQGFHOOPRWLRQ
,Q RUGHU WR TXDQWLI\ WKH EHKDYLRU RI D FHOO ZH ¿UVW
LQWURGXFH D PHDVXUH RI WKH FHOO¶V LQVWDQWDQHRXV
GLUHFWLRQ RIPRWLRQ )LJ  7KLVPHDVXUH LV FKRVHQ
DVWKHFXPXODWLYHDQJOHĳEHWZHHQWKHFHOO¶VYHORFLW\
YHFWRU DQG D ¿[HG GLUHFWLRQ LQ VSDFH  ,I LQLWLDOO\
ĳW  ĳDQGWKHFHOODWVRPHWLPHWODWHUKDVPRYHG
)LJXUH&HOOWUDMHFWRULHVDQGVSHHGV
$7KUHHW\SLFDOKUFHOOWUDMHFWRULHV
%R[HGUHJLPHVHH)LJFDSWLRQ%
&HOOV GRQRW VORZGRZQRYHU WKH WHQ
KRXUREVHUYDWLRQWLPHVRZHFDQWKLQN
RIWKHPDVEHLQJLQDVWDWLRQDU\WLPH
LQGHSHQGHQW VWDWH  +RZHYHU RQ WKH
WLPHVFDOH RI PLQXWHV WKH VSHHGV GR
VKRZÀXFWXDWLRQVDURXQGWKHLUDYHUDJH
WLPHLQGHSHQGHQW YDOXHV VHH LQVHUW
7KH HUURU EDUV ZHUH REWDLQHG E\ ¿UVW
XVLQJDPLQZLQGRZWRDYHUDJHHDFK
RI WZHOYH WUDMHFWRULHV DQG WKHQ IRU
HDFK  PLQ DYHUDJH FDOFXODWLQJ WKH
VWDQGDUGHUURURIWKHWZHOYHDYHUDJHV
)LJXUH0HDQVTXDUHGGLVSODFHPHQW$/RJORJSORWRI
WKHPHDQVTXDUHGGLVSODFHPHQWYVWLPHLQWHUYDOĲ%0HDQ
VTXDUHGGLVSODFHPHQWGLYLGHGE\ĲSORWWHGDVDIXQFWLRQRIĲ
5DQGRPZDONZRXOGJLYHVULVHWRDOLQHZLWK]HURVORSH&\DQ
GDWDIURPWKHWUDMHFWRULHVVKRZHGLQ)LJ5HGDGGLWLRQDO
WUDMHFWRULHV%OXHDYHUDJHRIDOOWUDMHFWRULHV<HOORZ¿WRI
DQH[SRQHQWLDOFURVVRYHUIURPGLUHFWHGWRUDQGRPZDONLQWKH
LQWHUYDOĲ>@PLQ  ¯    G W W W    H[S    W Y W WS S S
ZKHUHY PPPLQLVDFKDUDFWHULVWLFVSHHGDQGWS 
PLQLVDSHUVLVWHQFHWLPH

)LJXUH&HOOVPRYHLQD]LJ]DJPDQQHU(QODUJHGYLHZ
RIWKHUHFWDQJXODUER[LQ)LJ7KHPDJHQWDVFDOHEDUVDUH
P7XUQVDUHPDUNHGE\EODFNFURVVHV0RWLRQIROORZLQJ
OHIWWXUQVLVEOXHDQGPRWLRQIROORZLQJULJKWWXUQVLV\HOORZ
)LJXUH1RQ*DXVVLDQYHORFLW\GLVWULEXWLRQ9HORFLWLHVZHUH
FDOFXODWHG IRU GLIIHUHQW Ĳ G G GY W U UW W      W W  DQG Y[ ZDV SORWWHG
YV Y\ ZLWK LQFUHDVLQJ Ĳ  /DUJHU DQG ODUJHU JDSV DW WKH FHQWHUV
RI WKH GLVWULEXWLRQVZLWK WLPH GHPRQVWUDWH WKDW WKH FHOO YHORFLW\
GLVWULEXWLRQVDUHQRQ*DXVVLDQ$VH[SHFWHGDWYHU\ODUJHĲWKH
GLVWULEXWLRQDSSURDFKHVD*DXVVLDQDJDLQ,QVHUWVKLVWRJUDPVRI
WKH[FRPSRQHQWRIWKHYHORFLWLHVIRUWKHLQWHUYDOVGH¿QHGE\WKH
SDUDOOHOOLQHV
WKURXJKDFRPSOHWHFRXQWHUFORFNZLVHFLUFOHWKHQWKH
QHZGLUHFWLRQRIPRWLRQLVĳW ĳʌ7KDWLVWKH
DQJOHĳ WUDFNVQRWRQO\ WKH LQVWDQWDQHRXVGLUHFWLRQRI
FHOOPRWLRQ EXW DOVR WKHZLQGLQJ QXPEHU RI WKH FHOO
WUDMHFWRU\DQGWKXVWRDQH[WHQWWKHKLVWRU\RIWKHFHOO¶V
GLUHFWLRQDOFKDQJHV
:LWK WKLV GH¿QLWLRQ SHULRGV RI VWUDLJKWOLQH
PRWLRQFRUUHVSRQGWRDFRQVWDQWDQJOHVPDOO]LJ]DJV
LQ WKH GLUHFWLRQ RIPRWLRQ VKRZXS DVRVFLOODWLRQV LQ
WKHDQJOH)LJ&ODUJHWXUQVDVODUJHLQFUHDVHVDQG
GHFUHDVHVLQWKHDQJOHUHGER[)LJ$DQGFLUFOLQJ
EHKDYLRUDGGVRUVXEWUDFWVʌSHUFLUFOHFRPSOHWHG LQ
WKH FRXQWHUFORFNZLVH DQG FORFNZLVH GLUHFWLRQ )LJ
%UHVSHFWLYHO\,Q)LJZHVHHDOORIWKHVHFODVVHV
RI EHKDYLRU H[FHSW WKH ¿UVW RQH 7KH FHOOV DUH QHYHU
REVHUYHGWRPRYHLQDFRPSOHWHO\VWUDLJKWOLQH+RZHYHU
DQ\JLYHQFHOOZLOODWWLPHVDSSHDUWRPRYHLQDFHUWDLQ
¿[HGGLUHFWLRQșDURXQGZKLFKWKHLQVWDQWDQHRXVDQJOH
ĳÀXFWXDWHV,Q)LJ&WKHFHOOPDLQWDLQHGDQDYHUDJH
GLUHFWLRQș ʌ IRUDERXWDQKRXUDQGĳÀXFWXDWHG
DURXQGWKLVYDOXHZLWKDFKDUDFWHULVWLFWLPHRIPLQ
DQGDPSOLWXGHQHDUʌ
7XUQLQJSUHIHUHQFH
7R IXUWKHU LQYHVWLJDWH FHOO PRWLRQ ZH VWXGLHG WKH
RFFXUUHQFH RI GLVFUHWH WXUQV LQ WKH FHOO WUDMHFWRULHV
2YHU D UDQJH RI XVHUGH¿QHG SDUDPHWHUV VXFK DV WKH
WKUHVKROGIRUFDOOLQJDWXUQWKHUHVXOWVUHSRUWHGEHORZ
DUHUREXVWVHH0DWHULDOVDQG0HWKRGV
:HREVHUYHGWKHVDPHIUHTXHQF\RIOHIWDQGULJKW
WXUQVDQGWKXVFKRRVLQJRQHKDQGRYHUWKHRWKHUGRHVQRW
FRQWULEXWHWRWKHREVHUYHGZLJJOLQJEHKDYLRU+RZHYHU
WKHVH GDWD GR UHYHDO D VWURQJ WXUQLQJ SUHIHUHQFH LQ
ZKLFKFHOOVWHQGWRWXUQDZD\IURPWKHLUODVWWXUQ)LJ
$LOOXVWUDWHVRXUWXUQUXQWXUQDQDO\VLV)LJ%SORWV
GDWD IURPDOOH[SHULPHQWDO UXQV7KH WXUQLQJ UDWLR
ZDVELDVHGE\DIDFWRURIrPHDQrVHPQ 
 FHOOV REWDLQHG E\ FODVVLI\LQJ  FRQVHFXWLYH
WXUQV IURPDOO WUDMHFWRULHV7KH FRUUHODWLRQ FRHI¿FLHQW
IRU FRQVHFXWLYH WXUQLQJ GLUHFWLRQV IRU DOO FHOOV ZDV
ZLWK D 3YDOXH D KLJKO\ VLJQL¿FDQW DQWL
FRUUHODWLRQ7KHUH LV DZHDN EXW VLJQL¿FDQW SRVLWLYH
FRUUHODWLRQ EHWZHHQ WKH ODVW DQG WKH VHFRQGIURPODVW
WXUQEXWFHOOPHPRU\GRHVQRWH[WHQGPXFKIXUWKHUEDFN
)LJ&)RUFRPSDULVRQWKHLQVHUWLQ)LJ&VKRZV
WKHDXWRFRUUHODWLRQIURPD0RQWH&DUORVLPXODWLRQRI
WKH:/&PRGHO
)LJ'VKRZVDKLVWRJUDPRIWKHWXUQDPSOLWXGHV
,WVWDLOLVEHVWGHVFULEHGE\DQH[SRQHQWLDOGLVWULEXWLRQ
FKDUDFWHULVWLF DQJOH |  UDG  6PDOO DQJOHV DUH
UDUHO\REVHUYHGSDUWO\EHFDXVHRIOLPLWDWLRQVLQWKHWXUQ
GHWHFWLRQDOJRULWKPEXWDOVREHFDXVHRIWKHSVHXGRSRG
EUDQFKLQJ SURFHVV ZH GLVFXVV ODWHU  1R VLJQL¿FDQW
WHPSRUDOFRUUHODWLRQZDVREVHUYHGXSSHUULJKWSDQHO
)LJ(LVWKHKLVWRJUDPRIWLPHLQWHUYDOVEHWZHHQWXUQV
,WLVDOVRDQH[SRQHQWLDOGLVWULEXWLRQFKDUDFWHULVWLFWLPH
|PLQDQGDJDLQQRVLJQL¿FDQWDXWRFRUUHODWLRQZDV
REVHUYHG FRQVLVWHQWZLWKD3RLVVRQSURFHVV )LJ)
JLYHVWKHKLVWRJUDPRIGLVWDQFHVEHWZHHQWKHSRVLWLRQV
RI WKH FHOOV DW FRQVHFXWLYH WXUQV ,WV WDLO LVZHOO¿WWHG

)LJXUH&XPXODWLYHDQJOHV$$QJOHVZHUHFRUUHFWHGE\ʌIRUFKDQJHVODUJHUWKDQʌ$VVKRZQE\WUDMHFWRULHVLQUHG
ER[HVVKDUSWXUQVFRUUHVSRQGWRODUJHGURSVRUULVHVFRQWLQXRXVWXUQVLQRQHGLUHFWLRQDSSHDUDVFRQWLQXRXVGURSVRUULVHVER[
HQODUJHGYLHZLQ%DQGSHULRGVRIGLUHFWHGPRWLRQDUHVXPPDUL]HGDVSODWHDXVER[HQODUJHGYLHZLQ&2QDYHUDJH
DQJOHVFKDQJHEXWVORZO\ZLWKWLPH%R[VHH)LJFDSWLRQ%(QODUJHGYLHZRIER[LQ$7KHWUDQVLWLRQIURPWRʌLV
FRQWLQXRXV&(QODUJHGYLHZRIER[LQ$7RUHGXFHWKHLQÀXHQFHRIQRLVHDQJOHVZHUHFDOFXODWHGDWDODUJHUĲVIRUPRVW
RIWKHDQDO\VHV7KXVIURPHDFKWUDMHFWRU\LQWHUODFHGWLPHVHULHVRIDQJOHVZHUHREWDLQHG7KH\DUHPDUNHGE\GLIIHUHQWFRORUV
LQWKHORZHUSDQHO
E\DQH[SRQHQWLDOGLVWULEXWLRQFKDUDFWHULVWLF OHQJWK|
PP
%LDVHGPRWLRQLQ3RO\VSKRQG\OLXP
7KHVH H[SHULPHQWV ZHUH UHSHDWHG ZLWK WKH GLVWDQWO\
UHODWHG VOLPHPROG DPRHED3RO\VSKRG\OLXP SDOOLGXP
ZLWK HVVHQWLDOO\ WKH VDPH UHVXOWV )LJXUH 6 6
3RO\VSKRG\OLXP DQG 'LFW\RVWHOLXP DUH LQ GLIIHUHQW
*HQHUD XVH GLIIHUHQW FKHPRWDFWLF VLJQDOV KDYH
GLIIHUHQW IUXLWLQJ ERG\ PRUSKRORJLHV DQG GLYHUJHG
a\HDUVDJR>@7KLVVXJJHVWVWKDWWKHG\QDPLF
EHKDYLRU GRFXPHQWHG KHUH LV KLJKO\ FRQVHUYHG DQG
VXJJHVWVIXUWKHUWKDWLWPD\EHDIHDWXUHRIDOOPLJUDWRU\
HXNDU\RWLFFHOOV
',6&866,21
1RQ2UQVWHLQ8KOHQEHFN28DQGQRQZRUPOLNH
FKDLQ:/&PRWLRQ
:HKDYHOHDUQHGWKDW'LFW\RVWHOLXPFHOOPRWLRQFDQQRW
EHGHVFULEHGE\D UDQGRPZDON 1H[WZHVKRZ WKDW
WZRRWKHUVWDQGDUGPRGHOVDOVRIDLOWRFDSWXUHRXUGDWD
)LUVW QRWH WKDW DQ H[SRQHQWLDO FURVVRYHU RI WKH IRUP
ZHXVHGWR¿WWKH06'GDWD)LJ%DULVHVLQVHYHUDO
PRGHOVGHVFULELQJGLVSDUDWHSK\VLFDOSKHQRPHQD%RWK
:/&>@PRGHOVIURPSRO\PHUSK\VLFVDQG28>@
SURFHVVHVIURPWKHPRGHOLQJRI%URZQLDQPRWLRQKDYH
WKLV IHDWXUH7KXV DQ H[SRQHQWLDO FURVVRYHU LV QRW LQ
LWVHOIHQRXJKWRSLQGRZQWKHG\QDPLFVRIFHOOPRWLRQ
:HREVHUYHGODUJHUDQGODUJHUJDSVDSSHDULQJLQWKH

)LJXUH$OHIWWXUQLVIROORZHGE\DULJKWWXUQ±D3RLVVRQSURFHVV$'H¿QLWLRQRIDQJOHRIWXUQVDGLUHFWLRQRIWXUQVOHIWRUULJKW
WLPHEHWZHHQWXUQVDQGOHQJWKEHWZHHQWXUQV %7KHMWK WXUQSORWWHGDJDLQVWWKHMWK WXUQIRUWKHGDWDIURPDOOWUDMHFWRULHV 7KHUHDUH
GDWDSRLQWVLQWKHVHFRQGDQGIRXUWKTXDGUDQWLQWKH¿UVWDQGWKLUGDQGWKXVWKHMWKWXUQLVELDVHGE\WKHMWKWXUQE\DIDFWRURI
&$XWRFRUUHODWLRQIXQFWLRQIRUWKHWXUQGLUHFWLRQVVHHWH[WIRUGHWDLOV%OXH([SHULPHQWDOYDOXHVDQGVWDQGDUGHUURUV%ODFN7KHRUHWLFDO
H[SHFWDWLRQYDOXHIRUD0DUNRYSURFHVVZLWKSUREDELOLWLHVWDNHQIURPSDQHO%VHHWH[WIRUGHWDLOV,QVHUW9HUL¿FDWLRQWKDWWXUQFRUUHODWLRQVDUH
UHDODQGQRWDQDUWLIDFWRIWKHWXUQGHWHFWLRQDOJRULWKP%OXH$XWRFRUUHODWLRQIXQFWLRQIRUV\QWKHWLFGDWD7KHDQJOHG\QDPLFVZDVVLPXODWHGE\D
ZRUPOLNHFKDLQPRGHO:/&ZLWKSDUDPHWHUVWDNHQIURPWKH06'RIWKHUHDOGDWD$VPDOOQHJDWLYHDUWLIDFWXDOFRUUHODWLRQLVGHWHFWHGZKLFK
H[WHQGVIRUDURXQGWXUQV%ODFN6DPHDVWKHPDLQSDQHOVKRZQIRUFRPSDULVRQ'+LVWRJUDPRIWXUQDPSOLWXGHV,WVWDLOLVZHOO¿WWHG
E\DQH[SRQHQWLDOGLVWULEXWLRQFKDUDFWHULVWLFDQJOH UDG7KHURXQGLQJRIIDWVPDOOYDOXHVLVFDXVHGE\WKUHVKROGLQJLQWKHWXUQGHWHFWLRQ
DOJRULWKPDQGWKLVVKDUSFXWRIILVVPRRWKHGE\WKHFRDUVHJUDLQLQJDSSOLHGZKHQFDOFXODWLQJWKHDQJOHV/RZHUOHIWSDQHO+LVWRJUDPRID
8SSHUULJKWSDQHO$XWRFRUUHODWLRQIXQFWLRQIRUWXUQDPSOLWXGHVQRFRUUHODWLRQZDVREVHUYHG7KHSRVLWLYHYDOXHDWWLPHODJRQHLVDYHUL¿HG
DUWLIDFWRIWKHWXUQGHWHFWLRQDOJRULWKP(+LVWRJUDPRIWLPHLQWHUYDOVEHWZHHQGHWHFWHGWXUQV7KHVHGDWDDUHZHOO¿WWHGE\DQH[SRQHQWLDO
GLVWULEXWLRQFKDUDFWHULVWLFWLPH PLQ'DWDLVIURPDOOWUDMHFWRULHV/RZHUOHIWSDQHO6DPHKLVWRJUDPEXWRQOLQHDUVFDOH7KHVPDOOHVW
GHWHFWHGYDOXHIRUWMWMLVVHFWKHFXWRIIVKRZQE\WKHJUH\EDU8SSHUULJKWSDQHO1RUPDOL]HGDXWRFRUUHODWLRQIXQFWLRQIRUWLPHEHWZHHQ
WXUQV1RVLJQL¿FDQWFRUUHODWLRQVZHUHREVHUYHGFRQVLVWHQWZLWKD3RLVVRQSURFHVV)+LVWRJUDPRIOHQJWKEHWZHHQWXUQV,WVWDLOLVZHOO¿WWHG
E\DQH[SRQHQWLDOGLVWULEXWLRQFKDUDFWHULVWLFOHQJWK P'LVWULEXWLRQRIOHQJWKLVWULYLDOO\H[SRQHQWLDOLIFHOODYHUDJHGVSHHGLVFRQVWDQWDQG
WLPHVEHWZHHQWXUQVDUHH[SRQHQWLDOO\GLVWULEXWHG
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FHQWHUVRIY[YVY\SORWVZLWKLQFUHDVLQJĲ)LJ7KLV
LV EHFDXVH DW YHU\ VKRUW WLPH LQWHUYDOV WKH FHOOV KDYH
PRYHGYHU\OLWWOHDQGWKHGDWDVKRZVHVVHQWLDOO\UDQGRP
PLFURQVFDOHMLJJOLQJDERXWWKHFHQWURLGRIWKHFHOO7KLV
*DXVVLDQEHKDYLRUDWYHU\VPDOOĲDOVRLQGLFDWHVDQRQ
:/&PRYHPHQWEHFDXVHD:/&PRWLRQKDVDFRQVWDQW
VSHHGWKXVJLYLQJULVHWRDFLUFXODUSORW:LWKLQFUHDVLQJ
ĲWKHEHKDYLRULVGLVWLQFWO\QRQ*DXVVLDQUXOLQJRXWWKH
28SURFHVVEHFDXVHLWSUHGLFWVD*DXVVLDQGLVWULEXWLRQ
IRUDOOĲ7ZRGLPHQVLRQDOYHORFLW\KLVWRJUDPVZLWKD
FUDWHUVKDSHDUHRQHRIWKHKDOOPDUNVRIVHOISURSHOOHG
SHUVLVWHQW PRWLRQ DQG KDYH EHHQ SUHGLFWHG WR RFFXU
ZKHQFHOOVPLJUDWH>@7RWKHEHVWRIRXUNQRZOHGJH
WKLV LV WKH¿UVW SXEOLVKHG H[SHULPHQWDO GHPRQVWUDWLRQ
RIWKLVHIIHFW
0RGHOLQJDQJXODUFKDQJH
7RFDSWXUHWKHEHKDYLRUREVHUYHGLQFXPXODWLYHDQJOHV
)LJ  ZH ZULWH GRZQ G\QDPLF HTXDWLRQV IRU WKH
DQJOHVĳDQGș7KHDYHUDJHGLUHFWLRQRIPRWLRQș LV
PRGHOHGDVDUDQGRPZDONUHÀHFWLQJWKHH[SHULPHQWDO
IDFWWKDWWKHUHDUHQRSUHIHUUHGGLUHFWLRQVRIPRWLRQLQ
WKHDEVHQFHRIDFKHPRWDFWLFVLJQDO7KHLQVWDQWDQHRXV
GLUHFWLRQ RIPRWLRQĳZDV REVHUYHG WR EH VRPHZKDW
HQVODYHGE\ș H[KLELWLQJ QRLV\ RVFLOODWLRQV DURXQG LW
ZLWKDFKDUDFWHULVWLFWLPHVFDOH:HWKHUHIRUHPRGHOĳ
DVDVXPRIDUDQGRPZDONșDQGQRLV\RVFLOODWLRQV\
(TV
)LJLOOXVWUDWHVWKHELRORJLFDOSURFHVVHVDQGIHDWXUHV
)LJXUH$PRGHOIRU'LFW\RVWHOLXP
PRWLRQ  $ 7KH EOXH OLQH LV KDQG
GUDZQWRJXLGHWKHH\HDQGUHSUHVHQWV
ș D RQHGLPHQVLRQDO UDQGRP ZDON
7KHEODFNOLQHĳLVDQHQODUJHGYLHZ
RIWKHGDWDLQER[RI)LJ,QRXU
PRGHO ĳ LV WKH QHW HIIHFW RI ș DQG
FRORUHG QRLVH FHQWHUHG RQ ș  7KH
VWRFKDVWLFGLIIHUHQWLDOHTXDWLRQVXVHG
WR GHVFULEH WKH EHKDYLRU RI ĳ DQG
șDUH H[SODLQHG LQGHWDLO LQ WKH WH[W
%șLVWKHDQJOHDVVXPHGWREH¿[HG
E\DFHOO¶VLQWULQVLFSRODULW\SRVVLEO\
D YHFWRU GLUHFWHG IURP WKH FHQWHU RI
QXFOHXVOLJKWEOXHWRWKHSRVLWLRQRI
WKH FHQWURVRPH >@  %ODFN DUURZ
SVHXGRSRGH[WHQVLRQVDQGUHWUDFWLRQV
OHDG WR VWRFKDVWLF RVFLOODWLRQV 1HZ
SVHXGRSRGV ELIXUFDWH IURP ROG DQG
WKH\ VZLQJ EDFN DQG IRUWK DERXW
WKH LQWHUQDO YHFWRU  & $ FDUWRRQ
GHVFULELQJGLUHFWLRQDOFRQWURO
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FRUUHVSRQGLQJWRWKHWZRWHUPVLQ(TVDQG,QRXU
PRGHOHDFKFHOOKDVDQ³LQWULQVLFYHFWRU´WKDWHVWDEOLVKHV
DQDQJOHșUHODWLYHWRDQDUELWUDU\EXW¿[HGGLUHFWLRQ
LQ VSDFH:H OHDYH WKHPROHFXODU FRPSRQHQWV RI WKLV
LQWULQVLFYHFWRUXQGH¿QHGEXWUHPDUNWKDWLWFRXOGHJ
EHJLYHQE\DYHFWRUFRQQHFWLQJWKHFHOOQXFOHXVZLWK
WKH FHQWURVRPH >@7KLV LQWULQVLFYHFWRU LV DVVXPHG
WR FKDQJH LWV RULHQWDWLRQ RQO\ VORZO\ RYHU WLPH DQG
LW FRQVHTXHQWO\ GRHV QRW WUDFN WKH LQVWDQWDQHRXV
GLUHFWLRQ RI PRWLRQ ZKLFK ZLOO ÀXFWXDWH DURXQG ș
7KHLQVWDQWDQHRXVGLUHFWLRQRIPRWLRQĳLVGHWHUPLQHG
E\VKRUWOLYHGSURFHVVHVVXFKDVDVWLFNVOLSHYHQWRU
WKH H[WHQVLRQ RI SVHXGRSRGV DV LOOXVWUDWHG LQ )LJ 
$OWKRXJKWKHVXPRIDOOWKHIDVWSURFHVVHVLVXOWLPDWHO\
WKH FDXVH RI WKH FKDQJHV LQ ș ZH PRGHO WKLV VXP
VLPSO\DVDUDQGRPQXPEHULQGHSHQGHQWRIĳ7KDWLV
ZHPRGHOWKHRULHQWDWLRQșRIWKHLQWULQVLFYHFWRUDVD
UDQGRPZDONDQGLJQRUHLWVFDXVDOFRQQHFWLRQZLWKĳ

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ZKHUH 'ș LV D GLIIXVLRQ FRHI¿FLHQW DQG Șș W LV D
QRUPDOL]HG*DXVVLDQZKLWHQRLVHWHUPZKRVHPHDQLV
]HUR
7KH WLPHGHYHORSPHQW RI WKH LQVWDQWDQHRXV
GLUHFWLRQRIPRWLRQLVJRYHUQHGE\
M T     W W \ W  
ZKHUH WKH VHFRQG WHUP RQ WKH ULJKWKDQGVLGH \W
LV FRORUHG QRLVH  ,W LV WKH VROXWLRQ WR WKH VHFRQG
RUGHU VWRFKDVWLF GLIIHUHQWLDO HTXDWLRQ GHVFULELQJ D

QRLVHGULYHQ KDUPRQLF RVFLOODWRU ZLWK UHVRQDQFH DW
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ZKHUHP LV D SHUVLVWHQFH SDUDPHWHU LQ DPHFKDQLFDO
PRGHORI DEORFNRQD VSULQJ LWZRXOGEH WKH LQHUWLDO
PDVV EXWPDVVSOD\VQR UROHKHUH Ȗ LV D GLVVLSDWLYH
SDUDPHWHU IULFWLRQ LQ D PHFKDQLFDO PRGHO ț LV D
UHVWRULQJIRUFH SDUDPHWHU VSULQJ FRQVWDQW'\ JLYHV
WKHVWUHQJWKRIWKHGULYLQJIRUFHQRLVHȘ\WZKLFKLV
QRUPDOL]HGDQGKDV]HURPHDQEXW LVQRWQHFHVVDULO\
*DXVVLDQRUZKLWH
'RHV WKLVPRGHO DGHTXDWHO\ FDSWXUH WKH HVVHQWLDO
IHDWXUHVRIWKHGDWD":HFDOFXODWHGWKHH[SHFWHGSRZHU
VSHFWUDOGHQVLW\36'RIĳ$SSHQGL[DQGFRPSDUHG
WKHUHVXOWVWRRXUH[SHULPHQWDO36')LJ$:HDOVR
LQFOXGHGWKHDOLDVLQJHIIHFWRI¿QLWHVDPSOLQJIUHTXHQF\
DQGLQWURGXFHGDQRLVHWHUPDFFRXQWLQJIRUPHDVXUHPHQW
HUURUVGRWWHGOLQHDQGVHH$SSHQGL[)LJ$VKRZV
WKDWRXUPRGHO¿WVWKHH[SHULPHQWDO36'ZHOO7ZRWLPH
VFDOHVZHUH REWDLQHG IURP WKH ¿WWLQJ SDUDPHWHUV DQG
IRXQG WR EH FRQVLVWHQW ZLWK RWKHU DQDO\VHV GLVFXVVHG
KHUH7KHYDOXHIRUIWKHUHVRQDQFHIUHTXHQF\JLYHVD
FKDUDFWHULVWLFWLPHRIPLQFRQVLVWHQWZLWKWKH
DYHUDJHRVFLOODWLRQSHULRGREVHUYHG LQ WKH WLPHVHULHV
RIĳșLVWKHRYHUDOOGLUHFWLRQRIPRWLRQDQGLWVYDOXH
LV VXEMHFW WR D UDQGRPZDON (T *LYHQ WKH¿WWHG
GLIIXVLRQFRHI¿FLHQW'șZHHVWLPDWHWKDWDIWHUUDG
'ș
|PLQWKH06'RIșJURZVODUJHHQRXJKWKDWZHFDQ
FRQVLGHUFHOOVWRKDYHORVWWKHLURULJLQDOGLUHFWLRQ7KLV
LVDOVRFRQVLVWHQWZLWKWKHSHUVLVWHQFHWLPHGHVFULEHGLQ
)LJ
,QRUGHU WR IXUWKHU WHVWRXUPRGHOZH UDQ0RQWH
&DUOR VLPXODWLRQV RI (TV  ZLWK SDUDPHWHUV
REWDLQHGIURPD¿WWRWKHH[SHULPHQWDO36':HWKHQ
VXEMHFWHGWKHV\QWKHWLFGDWDWRWKHVDPHDQDO\VLVDVWKH
H[SHULPHQWDOGDWD$VDQH[DPSOH)LJ%VKRZVWKH
FORVHDJUHHPHQWEHWZHHQWKHPHDVXUHGDXWRFRUUHODWLRQ
IXQFWLRQRI¨ĳW ĳWĳWĲIRUERWKH[SHULPHQWDODQG
V\QWKHWLFGDWD:HDOVRIRUPHGWKHKLVWRJUDPRI'ĳVDQG
IRXQGWKDWLWIROORZVD/DSODFLDQGRXEOHH[SRQHQWLDO
GLVWULEXWLRQ)LJ&7KHVDPHGLVWULEXWLRQZDVIRXQG
IRU WKH V\QWKHWLFGDWD GDWDQRW VKRZQ $/DSODFLDQ
GLVWULEXWLRQ GHVFULEHV WKH GLIIHUHQFH EHWZHHQ WZR
LQGHSHQGHQW LGHQWLFDOO\ GLVWULEXWHG H[SRQHQWLDO
UDQGRPYDULDEOHVLPSO\LQJWKDWĳLWVHOILVH[SRQHQWLDOO\
GLVWULEXWHG6XFKH[SRQHQWLDOGLVWULEXWLRQVIRUPRWLOLW\
GDWDDUHWKRXJKWWRDULVHIURPWKHLQWHUSOD\RIYDULRXV
)LJXUH   6WDWLVWLFV RI WKH FXPXODWLYH DQJOHV DQG ¿W WR WKH
WKHRU\$([SHULPHQWDOSRZHUVSHFWUDOGHQVLW\36'RIĳDQG
¿W RI WKH WKHRU\ WR WKH GDWD 7ZR WLPHVFDOHVZHUH UHWXUQHGE\
WKH¿W I
 PLQDQGUDG 'ș PLQ
DSSUR[LPDWHO\WKHGXUDWLRQRIDSVHXGRSRGDQGWKHWLPHLWWDNHVIRU
DFHOOWRORVHLWVVHQVHRIGLUHFWLRQUHVSHFWLYHO\7ZHOYHLQGLYLGXDO
36'VRQHIRUHDFKFHOODUHVKRZQLQ\HOORZ7KHDYHUDJHRYHU
WKH FHOOV LV VKRZQ LQ EOXH  7KH VROLG EODFN OLQH LV D ¿W RI WKH
WKHRU\ WR WKH DYHUDJHG VLJQDO 'DVKHG GDVKGRWWHG DQG GRWWHG
OLQHV LQGLFDWH WKHFRQWULEXWLRQ WR WKH36' IRU WKHFRORUHGQRLVH
WKHUDQGRPZDONDQG WKH WUDFNLQJHUURU WHUPV UHVSHFWLYHO\VHH
$SSHQGL[ IRUGHWDLOV  %$XWRFRUUHODWLRQ IXQFWLRQ IRU'ĳ ĳV
ZHUHFDOFXODWHGIRUĲ V%OXH([SHULPHQWDOYDOXHVDQGVWDQGDUG
HUURUV  %ODFN 7KHRUHWLFDO H[SHFWDWLRQ YDOXH FDOFXODWHG IURP D
0RQWH&DUORVLPXODWLRQRQĳEDVHGRQ(TVZLWKSDUDPHWHUV
REWDLQHGIURPD¿WWRWKH36'&([SHULPHQWDOKLVWRJUDPRI'ĳV
FDOFXODWHGIRUĲ V,QVHUW6DPHKLVWRJUDPVKRZQRQDVHPL
ORJDULWKPVFDOHGHPRQVWUDWLQJWKHQRQ*DXVVLDQH[SRQHQWLDOWDLOV
:LWKLQFUHDVLQJĲWKHGLVWULEXWLRQRI'ĳEHFRPHVPRUHDQGPRUH
*DXVVLDQGDWDQRWVKRZQ

FHOOXODUSURFHVVHV FRPELQHGZLWKD¿QLWH UDWHRI$73
SURGXFWLRQ>@
'LFW\RVWHOLXP FHOOV PRYH E\ FRQWLQXRXVO\
H[WHQGLQJ QHZ SVHXGRSRGV $ UHVWRULQJ IRUFH H[LVWV
EHFDXVHSVHXGRSRGVFDQQRWH[WHQGWRLQ¿QLW\DQGWKXV
RVFLOODWLRQV VKRXOG EH UHVWULFWHG DERXWș7KH GULYLQJ
IRUFHLQRXUPRGHOLVDVXPRIZKLWHQRLVHFRQWULEXWHG
E\ DOO ODWHUDO SVHXGRSRGV DQG DQ RVFLOODWLQJ IRUFH
DSSOLHGE\WKHOHDGLQJSVHXGRSRGV$FRORUHGQRLVHWHUP
FDSWXUHV WKHVH FRQWULEXWLRQV 1RUPDOO\ D SVHXGRSRG
OHDGVFHOOPRWLRQIRUPLQEHIRUHDQHZSVHXGRSRG
IRUPV DQG GRPLQDWHV FRQVLVWHQW ZLWK WKH REVHUYHG
SHULRGVRIRVFLOODWLRQVVKRZQLQ)LJ
$TXDQWLWDWLYHSLFWXUHRIFHOOPRWLRQ
7KHREVHUYDWLRQ WKDW FXPXODWLYH DQJOHV RVFLOODWH DQG
WKH ZD\ WKDW FHOOV PRYH E\ H[WHQGLQJ SVHXGRSRGV
LQVSLUHG XV WR GHVFULEH FHOOPRWLRQ DV D GLVFUHWH EXW
HDVLO\SLFWXUHGWXUQUXQWXUQPRGHO
7KH DQWLFRUUHODWLRQV IRXQG LQ WXUQ GLUHFWLRQV
LV FRQVLVWHQW ZLWK WKH GLVFRYHU\ WKDW QHZ OHDGLQJ
SVHXGRSRGVDULVHPRVWO\E\GLYLGLQJROGRQHV>@7KHVH
FRUUHODWLRQVFDQEHXQGHUVWRRGLQDTXDQWLWDWLYHPDQQHU
ZLWKWKHVPDOOHVWSRVVLEOHVHWRIDVVXPSWLRQV1H[WWR
KDYLQJQRPHPRU\DWDOODVLQWKHÀLSSLQJRIDFRLQ
WKHVLPSOHVWNLQGRIPHPRU\LVRQHWKDWRQO\H[WHQGV
RQHVWHSEDFNLQWKHSDVW3URFHVVHVWKDWKDYHWKLVNLQG
RIPHPRU\DUHFDOOHG0DUNRYSURFHVVHV$VVXPHWKDW
WKHWXUQVDUHJLYHQE\D0DUNRYSURFHVVDQGDVFULEHD
YDOXHRI WR OHIWWXUQVDQG WRULJKWWXUQVRUYLFH
YHUVD7KHDXWRFRUUHODWLRQIXQFWLRQIRUWKHWXUQVLVWKHQ
HDVLO\IRXQGWREHFP S±T
PZKHUHPLVWKHWLPH
ODJPHDVXUHGLQWXUQVSLVWKHSUREDELOLW\RIPDNLQJD
WXUQLQ WKHVDPHGLUHFWLRQOHIWOHIWRUULJKWULJKWDQG
T LV WKH SUREDELOLW\ RIPDNLQJ D WXUQ LQ WKH RSSRVLWH
GLUHFWLRQ OHIWULJKW RU ULJKWOHIW%RWK S DQG T DUH
NQRZQWRXVVLQFHST DQGTS VHH
5HVXOWV7KHQHDUH[DFWHTXLYDOHQFHRIWKHGDWDDQGWKH
WKHRU\VKRZQLQ)LJ&VXSSRUWVWKLVLQWHUSUHWDWLRQRI
WKHWXUQPHPRU\LQ'LFW\RVWHOLXP
7DNHQWRJHWKHU WKHGDWDSUHVHQWHGLQ)LJV	
VXSSRUWWKHIROORZLQJGHVFULSWLYHPRGHORIPLJUDWLRQ
(DFKFHOOLVSRODUL]HGKDVDQLQWULQVLFYHFWRUDQGPRYHV
UXQVLQDUDQGRPGLUHFWLRQIRUDUDQGRPSHULRGRIWLPH
E\WKHH[WHQVLRQRISVHXGRSRGV%HFDXVHWKHGXUDWLRQ
RI D UXQ LV H[SRQHQWLDOO\GLVWULEXWHGDQGXQFRUUHODWHG
ZLWKDQ\SUHYLRXVUXQGXUDWLRQLWLVWHPSWLQJWRWKLQNRI
HDFK UXQ DV FRUUHVSRQGLQJ WR DQ DFWLQSRO\PHUL]DWLRQ
HYHQW QXFOHDWHG E\ D SURWHLQ FRPSOH[ DQFKRUHG WR
WKH OHDGLQJ HGJH RI D SVHXGRSRG  ,I WKH DVVRFLDWLRQ
GLVVRFLDWLRQRIWKLVDFWLQQXFOHDWLQJSURWHLQFRPSOH[
ZLWKWKHPHPEUDQHLVHTXDOO\SUREDEOHDWDOOWLPHVLW
ZRXOGEHGHVFULEHGE\D3RLVVRQSURFHVVDQGWKHWLPH
EHWZHHQ RQRII HYHQWV ZRXOG IROORZ DQ H[SRQHQWLDO
GLVWULEXWLRQ:K\WKHGLUHFWLRQRIPLJUDWLRQIROORZVD
GRXEOHH[SRQHQWLDOGLVWULEXWLRQLVOHVVREYLRXVEXWPD\
UHYHDOWKDWWKHUHDUHMXVWDIHZOLPLWLQJVWHSVXQGHUO\LQJ
WKHEHKDYLRUGRFXPHQWHGLQ)LJ'
:HPD\FRPSDUHRXUUHVXOWVWRWKHSLRQHHULQJZRUN
RIRWKHUVZLWK'LFW\RVWHOLXPDQGWKHUHVXOWVRI+DUWPDQ
HWDOZLWKQHXWURSKLOV>@3RWHODQG0DFND\FDUULHG
RXWDYHU\WKRURXJKDQDO\VLVRIDJJUHJDWLRQFRPSHWHQW
'LFW\RVWHOLXP FHOOV SODWHG DW D FHOO GHQVLW\ RUGHUV RI
PDJQLWXGH ODUJHU WKDQ WKHRQHZHKDYHXVHG ,Q WKHLU
H[SHULPHQWVFHOOFHOOLQWHUDFWLRQVZHUHFRPPRQ7KHLU
UHVXOWVRQFHOOVSHHGDVDIXQFWLRQRIWLPHDQGFKDQJHLQ
GLUHFWLRQEHWZHHQVXFFHVVLYHWLPHVDVDQDSSUR[LPDWH
GHPRQVWUDWLRQ RI D SHUVLVWHQFH WLPH DUH LQ EURDG
DJUHHPHQWZLWK RXUV+RZHYHU WKHLU WLPH UHVROXWLRQ
DQG WKH IDFW WKDW WKH FHOOV ZHUH UHVSRQGLQJ WR HDFK
RWKHU¶V SUHVHQFH FRQIRXQGHG WKHLU UHVXOWV DQG LQ WKH
HQG WKH\ FRQFOXGHG WKDW D VLPSOH SHUVLVWHQW UDQGRP
ZDONEHVW¿WWKHLUGDWD+DUWPDQHWDOIRXQGORFDOQRQ
0DUNRYGLVSODFHPHQWVLQWKHLUVWXG\ZLWKQHXWURSKLOV
$OWKRXJKWKHLUWLPHUHVROXWLRQZDVKLJKWKHLUDQDO\VHV
ZHUHDSSOLHGWRFHOOWUDFHVWKDWDUHW\SLFDOO\RQO\DIHZ
FHOOGLDPHWHUVORQJDQGWKXVWKHLUH[SHULPHQWVGLGQRW
ODVWORQJHQRXJKWRGHWHFWWKHIHDWXUHVZHUHSRUWKHUH
$QHI¿FLHQWVHDUFKVWUDWHJ\"
,Q WKH ,QWURGXFWLRQ ZH GHVFULEHG WKUHH ZHOOVWXGLHG
PRGHOV KDYH EHHQ XVHG WR FKDUDFWHUL]H VHDUFKLQJ
EHKDYLRU )LJ 'LFW\RVWHOLXPPRWLRQ GLIIHUV IURP
HDFKRIWKHP8QOLNHWKHLQWHUPLWWHQWEHKDYLRULQWKHWZR
VWDWHPRGHOQRREYLRXVVHDUFKLQJDQGUHORFDWLQJSKDVHV
DUHREVHUYHG+RZHYHUZHQRWHWKDW'LFW\RVWHOLXPFHOOV
DSSHDUWRKDYHJRQHRQHVWHSIXUWKHUE\QRWSDXVLQJRQ
WKHVHDUFKDQGGHWHFWLQJVLJQDOVDVWKH\PRYH,QVWHDG
RIFKRRVLQJWXUQVUDQGRPO\LQDPSOLWXGHDQGGLUHFWLRQ
UDQGRPZDONRUVDPSOLQJIURPDSRZHUODZGLVWULEXWHG
UXQ OHQJWK D /pY\ ZDON ERWK 'LFW\RVWHOLXP DQG
3RO\VSKRQG\OLXP ELDV WKHLU PRWLRQ E\ UHPHPEHULQJ
WKHLUODVWWXUQDQGHPSOR\DSHUVLVWHQFHWLPHRIaPLQ
7KLVPHDQV WKDW FHOOV FRYHUPRUH WHUULWRU\ LQ DJLYHQ
QXPEHU RI VWHSV WKDQ WKH\ ZRXOG LQ D UDQGRP ZDON
)LJ$'$OVRWKH\SLFNWXUQDPSOLWXGHVUDQGRPO\
IURPDQH[SRQHQWLDOGLVWULEXWLRQUDWKHUWKDQD*DXVVLDQ
GLVWULEXWLRQZKLFKKDVEHHQVXJJHVWHGWRKHOSRSWLPL]H
VHDUFKHI¿FLHQF\ZKHQWDUJHWVDUHUDQGRPO\GLVWULEXWHG
LQDSDWFKRI¿QLWHVL]H>@

7KH FKDUDFWHU RI WKLV VHDUFK DOJRULWKP ZDV
H[DPLQHGE\FRPSDULQJRXUUHVXOWVWRVWUDLJKWOLQHDQG
UDQGRPZDONVHDUFKHVZLWKUHVSHFWWRWKHHI¿FLHQF\RI
VHDUFKLQJ GH¿QHG DV WKH QXPEHU RI WDUJHWV FDSWXUHG
SHUXQLWWLPHWKHQXPEHURIFHOOGLDPHWHUVRYHUZKLFK
D FHOO FDQ UHFRJQL]H D FORVHE\ WDUJHW DQG WKH WDUJHW
GHQVLW\,QWKHVHVLPXODWLRQVZKLFKDVVXPHWKDWWDUJHWV
DUH DUUD\HG DW UDQGRP RQ DQ LQ¿QLWH SODQH VWUDLJKW
OLQHVHDUFKLQJLVWKHPRVWHI¿FLHQWEHFDXVHIRUDJLYHQ
GHWHFWLRQ UDGLXV5 DOO GHYLDWLRQV IURP D VWUDLJKW OLQH
FRYHUVRPHIUDFWLRQRI WKHDUHDDOUHDG\FRYHUHGDQG
DVH[SHFWHG WKHHI¿FLHQF\LV ORZHVWIRUUDQGRPZDON
VHDUFKHV'LFW\RVWHOLXPFHOOVDUHDERXWKDOIDVHI¿FLHQW
DV D VWUDLJKWOLQH VHDUFK DQG  WR  IROG PRUH
HI¿FLHQWWKDQUDQGRPZDONVHDUFKLQJ
7KHLPSURYHPHQWLQVHDUFKHI¿FLHQF\UHODWLYHWRD
UDQGRPZDONLVGXHWRWKHIDLUO\VWUDLJKWPRWLRQRIWKH
DPRHEDH $OWKRXJK WKH FHOOVPRYH E\ WKH H[WHQVLRQ
RI D VHULHV RI GLVFUHWH SVHXGRSRGV WKH GLUHFWLRQ RI
SURWUXVLRQRIWKHVHSURFHVVHVLVFRRUGLQDWHGLQDPDQQHU
WKDW JLYHV ULVH WR DQ RYHUDOO GLUHFWHG PRWLRQ  (DFK
QHZSVHXGRSRGSURSHOVWKHFHOOLQDGLUHFWLRQVOLJKWO\
DQJOHGUHODWLYHWRWKHJHQHUDOGLUHFWLRQRIPRWLRQEXW
WKH SVHXGRSRGV DUH JHQHUDWHG LQ D OHIWULJKWOHIWULJKW
IDVKLRQ VXFK WKDW WKH FHOO ]LJ]DJV LW¶V ZD\ IRUZDUG
7KLV SURSHQVLW\ WR ]LJ]DJ LV TXDQWLWDWLYHO\ GHVFULEHG
E\WKHDQWLFRUUHODWLRQEHWZHHQWXUQVVHH)LJ$&
:LWKRXW WKH DQWLFRUUHODWLRQ WKH SHUVLVWHQFH OHQJWK
ZRXOGGURSIURPWKHREVHUYHGYDOXHRIPWRMXVW
PFDOFXODWHGIURPWKHHTXLYDOHQWWZRGLPHQVLRQDO
IUHHO\URWDWLQJFKDLQPRGHOZLWK VHJPHQW OHQJWK  
PDQGDQJOH UDGLDQV
,Q DGGLWLRQ WKH FRPSDUDWLYHO\ ORQJ SHUVLVWHQFH
WLPHRIaPLQZHGLVFRYHUHGPLJKWKHOSDPRHEDHQRW
RQO\ZKLOHIRUDJLQJRQWKHLURZQEXWDOVRGXULQJWKH
HDUOLHVWVWDJHVRIPXOWLFHOOXODUOLIHZKHQVWDUYLQJFHOOV
EHJLQ WR VLJQDO WR HDFK RWKHU  7KH VLJQDOLQJ V\VWHP
FRQVLVWVRIF\FOLF$03ZDYHVWKDWSURSDJDWHDVVSLUDOV
RUFLUFOHVIURPDFRUHRIVLJQDOLQJFHOOV7KHVHZDYHV
FRQWLQXH WR RUJDQL]HPRUSKRJHQHVLV DV FHOOV EHJLQ WR
VWUHDP WRZDUGV WKH VLJQDOLQJ FHQWHUV JXLGHG E\ WKH
WUDYHOLQJ ZDYH IURQW  'XULQJ WKH HDUOLHVW VWDJHV RI
VLJQDOLQJZDYHSHULRGLFLW\LVPLQGHSHQGLQJRQ
WKHVWUDLQDQGJURZWKFRQGLWLRQV7KLVWLPHFRUUHVSRQGV
FORVHO\WRWKHPLQSHUVLVWHQFHWLPHUHSRUWHGKHUHDQG
VXJJHVWVWRXVWKDWRQFHFHOOVDUHJLYHQDQRULHQWDWLRQ
LQWKHZDYHWKH\SURSDJDWHWRZDUGVWKHFHQWHUZLWKRXW
IXUWKHU LQIRUPDWLRQ IURP WKH F\FOLF $03 JUDGLHQW
7KLV PD\ DOVR KHOS H[SODLQ KRZ FHOOV GLVFULPLQDWH
EHWZHHQWKHEDFNRIDUHFHGLQJZDYHDQGWKHIURQWRI
DQDSSURDFKLQJRQH7KH\XVHWKHSHUVLVWHQFHWLPHRQFH
RULHQWHGWRPRYHLQDPRUHRUOHVVVWUDLJKWOLQHWRZDUG
WKHFHQWHUDQGDZD\IURPWKHSHULSKHU\%HFDXVH WKLV
ELDVLVLQRXUYLHZVWRFKDVWLFLQQDWXUHWKLVPLJKWDOVR
KHOSH[SODLQZK\FHOOVRFFDVLRQDOO\PRYHLQWKHZURQJ
GLUHFWLRQLHDZD\IURPWKHVLJQDOLQJFHQWHU
6XPPDU\
:H KDYH GLVFRYHUHG WKDW 'LFW\RVWHOLXP DQG
3RO\VSKRQG\OLXPFHOOPRWLRQ LV QRW D VLPSOH UDQGRP
ZDON8QOLNHD/pY\ZDONQRLQWULQVLFVFDOHLQYDULDQFH
LQ FHOO WUDMHFWRU\ LV DSSDUHQW  8QOLNH DQ 2UQVWHLQ
8KOHQEHFNSURFHVV FHOO YHORFLW\GLVWULEXWLRQVGHYLDWH
IURPD*DXVVLDQYHORFLW\GLVWULEXWLRQ8QOLNHDZRUP
OLNHFKDLQ PRGHO WKH REVHUYHG RVFLOODWLRQV LQ DQJOHV
LQGLFDWH D ZHOOGHYHORSHG DQG RUJDQL]HG FHOOXODU
PHFKDQLVPGULYLQJWKHREVHUYHGEHKDYLRU:LWKUHVSHFW
WRVHDUFKLQJVWUDWHJ\DOHIWWXUQWHQGVWREHIROORZHGE\
D ULJKW WXUQ&HOOVPRYH IRUZDUG LQD]LJ]DJPDQQHU
DQGPDLQWDLQDORQJGLUHFWLRQDOSHUVLVWHQFH,QWKLVZD\
WLPHZDVWHGRQH[KDXVWLYHEDFNDQGIRUWKVHDUFKLQJLV
JUHDWO\UHGXFHGWKHUHE\HQODUJLQJWKHVHDUFKDUHDDQG
LPSURYLQJVHDUFKHI¿FLHQF\
0$7(5,$/6DQG0(7+2'6
&HOO&XOWXUH
'LFW\RVWHOLXP GLVFRLGHXP$; DQG 3RO\VSKRQG\OLXP
SDOOLGXP31ZHUHJURZQRQODZQVRI(VFKHULFKLD
FROL%UDWq&DVGHVFULEHG>@9HJHWDWLYHDPRHEDH
ZHUHKDUYHVWHGDQGEDFWHULDUHPRYHGE\FHQWULIXJDWLRQ
7KHFHOOVZHUHVXVSHQGHGLQ3%P0.+32
P0 1D+32˹+2 DQG SODWHG DW GHQVLWLHV RI a
FHOOFPRQDJDULQGLVWLOOHGGHLRQL]HGZDWHU$WWKLV
FHOOGHQVLW\WKHUDWLRRIFHOODUHDDJDUVXUIDFHDUHDLV
aî
&HOO7UDFNLQJ
&HOO PRYHPHQW ZDV IROORZHG E\ SKDVH FRQWUDVW
PLFURVFRS\ XVLQJ D ; REMHFWLYH 0RYLHV ZHUH
UHFRUGHGDWVHFLQWHUYDOVIRUWRKU0RYLH6
6
'DWD$QDO\VLV
&HOO ORFDWLRQV ZHUH GH¿QHG DV WKH FHQWURLGV RI D
FHOO¶VFRQWRXUV0RYLH667KHWUDMHFWRU\RIHDFK
FHQWURLGFRQVLVWHGRIDVHTXHQFHRISDLUHGFRRUGLQDWHV
'W   VHF DSDUW G GU U W W M W MM M M       $   
$GLVSODFHPHQWEHWZHHQ DQ\ WZRFHOO SRVLWLRQVZDV
GH¿QHG DV G G G GV V Q W U U QM M M M Q       W    $   
 9HORFLWLHV ZHUH WKHQ FDOFXODWHG

G G G GY Y Q W V Q W Q W V QM M M M             W W W   $ $ $   
 ,QVWDQWDQHRXV DQJOHV ZHUH FDOFXODWHG
E M M M M M\ \ [ [   DWDQ>    @  WKHQFRUUHFWHGE\
SLIWKHFKDQJHVEHWZHHQFRQVHFXWLYHDQJOHVZHUHODUJHU
WKDQSDQGDGGHGWRWKHSUHYLRXVDQJOHM M EM M M 
$OVR LI WKH FKDQJH LQ WZR FRQVHFXWLYH DQJOHV ZDV
ELJJHU WKDQS LWZDV LGHQWL¿HGDV D IDOVH MXPS 7KH
MXPSZDVWKHQUHSODFHGE\WZRUDQGRPQXPEHUVIURP
D*DXVVLDQGLVWULEXWLRQZLWK]HURPHDQDQG WKH VDPH
VWDQGDUGGHYLDWLRQDVREWDLQHGIURPH[SHULPHQWDOGDWD
)XUWKHUDQDO\VLVDQGRULJLQDOSURJUDPPLQJZDVFDUULHG
RXWLQ0$7/$%
5HFRJQL]LQJWXUQV
&HOO WUDMHFWRULHV ZHUH ¿UVW VPRRWKHG E\ D
PRYLQJ DYHUDJH RYHU  FRQVHFXWLYH SRVLWLRQV 
G G G G G GU U U U U UM M M M M M

                7KHQ WKH WLPH
VHULHVRIDQJOHVĳMDQGFKDQJHVLQFRQVHFXWLYHDQJOHV
$M M MM M M    ZHUH FDOFXODWHGZLWK Ĳ  V XVLQJ
VPRRWKHG SRVLWLRQV $M M UHSUHVHQW FHOO WXUQLQJ UDWHV
DVDIXQFWLRQRIWLPH:KHQLWVDPSOLWXGHJRHVDERYH
DWKUHVKROGYDOXHDFHOO LVFRQVLGHUHGWREHPDNLQJD
WXUQ DQG WKH FRUUHVSRQGLQJ WLPHSRLQWVZHUHPDUNHG
1H[WWKHPDUNHGWLPHSRLQWVZHUHFOXVWHUHG)LUVWDOO
FRQVHFXWLYHSRLQWVZHUHFOXVWHUHGDQGWKHODUJHVWFOXVWHU
PHPEHUZDVSLFNHG WR UHSUHVHQW WKLV WXUQ6HFRQG LI
WKH WLPH LQWHUYDO EHWZHHQ DQ\ WZR FRQVHFXWLYH WXUQV
ZDV OHVV WKDQ VHF LWZDV FRQVLGHUHG WR EH SDUW RI
WKHVDPHWXUQDQGDJDLQWKHODUJHVWYDOXHZDVSLFNHG
(DFKFHOOKDGDQLQGLYLGXDOWKUHVKROGYDOXHFKRVHQDV
WKHDYHUDJHDPSOLWXGHRI WKDW FHOO¶Vǻĳ VHULHV  ,I WKH
WXUQKDGDSRVLWLYHYDOXH IRUǻĳ LWZDV UHFRUGHGDVD
OHIWWXUQFRXQWHUFORFNZLVHRWKHUZLVHDVDULJKWWXUQ
FORFNZLVH
&XPXODWLYH DQJOH DQDO\VLV 36' DXWRFRUUHODWLRQ
DQGKLVWRJUDP
7R UHGXFH QRLVH LQ WKH DQDO\VLV RI FXPXODWLYH DQJOHV
)LJĳZDVFDOFXODWHGZLWKĲ VXVLQJXQSURFHVVHG
RULJLQDO SRVLWLRQV 7KXV IURP HDFK FHOO WUDMHFWRU\ 
LQWHUODFHGWLPHVHULHVRIĳZHUHREWDLQHGDQGDQDO\]HG
6LPXODWLQJ6HDUFK(I¿FLHQF\
$0RQWH&DUOR VLPXODWLRQZDV HPSOR\HG WR FRPSDUH
'LFW\RVWHOLXPWUDMHFWRULHVWRUDQGRPZDONVDQGVWUDLJKW
OLQH VHDUFKHV 7DUJHWV ZHUH GLVWULEXWHG UDQGRPO\ RQ
DQLQ¿QLWHSODQHZLWKDFKDUDFWHULVWLFDYHUDJHGHQVLW\
6HDUFKHUV XVLQJ GLIIHUHQW VWUDWHJLHV ZHUH FRPSDUHG
$PRHERLG PRWLRQV ZHUH SDUDPHWHUL]HG XVLQJ RXU
H[SHULPHQWDOGDWDUDQGRPZDONVZHUHVLPXODWHGXVLQJ
WKHDYHUDJHVSHHG IRU'LFW\RVWHOLXP DQGVWUDLJKWOLQH
PRYHPHQWDWDFRQVWDQWVSHHGXVHGWKHPHDQVSHHGRI
WKHVHDPRHEDH ,ID WDUJHWVLWH OD\ZLWKLQD µGHWHFWLRQ
UDGLXV¶5IURPWKHVHDUFKHUWKHQWKLVWDUJHWZDVVFRUHG
DV IRXQGDQG UHPRYHG(I¿FLHQF\ZDVGH¿QHG DV WKH
UDWLRRIWKHPHDQQXPEHURIWDUJHWVIRXQGWRWKHWRWDO
WUDYHOLQJWLPH,QHDFKVLPXODWLRQFHOOVZHUHDOORZHG
WRVHDUFKIRUKU7KHVLPXODWLRQZDVUHSHDWHGZLWK
DUDQJHRIWDUJHWGHQVLWLHVȝPȝPDQGWKH
GHWHFWLRQUDGLXVZDVYDULHGIURPPWRPWR
FHOOGLDPHWHUVUHVSHFWLYHO\
$33(1',;
6LPXODWLRQRIFXPXODWLYHDQJOHV
:HVLPXODWHGWKHKDUPRQLFQRLVHE\¿UVWVROYLQJ(T
RQWKHGLVFUHWHWLPHLQWHUYDO¨W VHFWRREWDLQWKH
UHFXUVLYHUHODWLRQ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ZKHUH X G\GW DQG ZH GHPDQG WKDW ¨\M DQG ¨XM EH
H[SRQHQWLDOO\GLVWULEXWHGUDQGRPQXPEHUVRI]HURPHDQ
DQG ÀDW SRZHU VSHFWUXP 1RWH WKDW WKH GLVWULEXWLRQV
IRU ¨\M DQG ¨XM GHSHQG RQ ¨W EHFDXVH H[SRQHQWLDO
GLVWULEXWLRQV XQOLNH *DXVVLDQ RQHV DUH QRW VWDEOH
XQGHU LQWHJUDWLRQ 7KDW LV DV ¨W LV LQFUHDVHG WKHVH
GLVWULEXWLRQVZLOOWHQGWR*DXVVLDQV
3RZHUVSHFWUDODQDO\VLV
7KHIUHTXHQF\FRQWHQWRIĳZDVH[DPLQHGE\)RXULHU
WUDQVIRUPLQJWKHWZRLQGHSHQGHQWHTXDWLRQVRIPRWLRQ
(TV	
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)URPZKLFKZHIRUPWKHSRZHUVSHFWUDOGHQVLW\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:KHUHZHKDYHXVHGWKHIROORZLQJFKDUDFWHULVWLFVRI
WKHQRLVHWHUPV
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:HVHHWKDWWKH36'FRQVLVWRIWZRWHUPVRQHWKDWGHFD\V
DVI¿UVWWHUPRQWKHULJKWKDQGVLGHFRUUHVSRQGLQJWR
IUHHGLIIXVLRQDQGRQHWKDWSRWHQWLDOO\KDVDUHVRQDQFH
SHDNDWIN IVHFRQGWHUPRQWKHULJKWKDQGVLGH
$OLDVLQJ¿QLWHVDPSOLQJIUHTXHQF\
)RUUHDVRQVRIPDWKHPDWLFDOHDVHWKHDERYHWUHDWPHQW
LPSOLFLWO\ DVVXPHG FRQWLQXRXV VDPSOLQJ ,Q DQ
H[SHULPHQW KRZHYHU GDWD DUH WDNHQ DW GLVFUHWH WLPH
LQWHUYDOV OHDGLQJ WR DOLDVLQJ 7KLV PHDQV WKDW IRU
IUHTXHQFLHVQHDUIVDPSOHWKHPHDVXUHGSRZHUFDQEHPRUH
WKDQODUJHUWKDQSUHGLFWHGIURPWKHDERYHWKHRU\
>@7DNLQJDOLDVLQJLQWRDFFRXQWLVVWUDLJKWIRUZDUGDQG
LQWURGXFHVQRH[WUD¿WSDUDPHWHUVDVVKRZQEHORZ
 7KH DOLDVHG YHUVLRQ RI WKH ¿UVW WHUP
FRUUHVSRQGLQJWRIUHHGLIIXVLRQLV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N VDPSOH
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7KH FRUUHFW DOLDVHG YHUVLRQ RI WKH VHFRQG WHUP
LV FRQVLGHUDEO\ PRUH LQYROYHG DQG ZH UHIHU WKH
UHDGHU WR 1¡UUHO\NNH 	 )O\YEMHUJ XQSXEOLVKHG
)RU FRPSOHWHQHVV ZH DOVR LQFOXGH D WHUP IRU WKH
PHDVXUHPHQWHUURULQWKH¿W7KHPHDVXUHPHQWHUURULV
DVVXPHG WR EHZKLWH QRLVH DQG WKXV KDV D ÀDW SRZHU
VSHFWUXPVRLWVVKDSHLVXQDOWHUHGE\DOLDVLQJ
 :H]HURSDGGHGWLPHWUDFHVRIĳWRWKHQHDUHVW
SRZHURIWZRJUHDWHUWKDQWKHORQJHVWWUDFHEHIRUHIDVW
)RXULHUWUDQVIRUPLQJ=HURSDGGLQJDUWL¿FLDOO\LQFUHDVHV
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